
[Title of Invention] 



GELLING AGENT AND PRODUCTION lyiETHOD THEREOF, 
LIQUID CRYSTAL COMPOSITION AND CHARGE TRANSFER 
5 COMPLEX 

[Technical Field to which the Invention belongs] 
[OOOl] 

The present invention relates to a gelling agent, 
which is mixed with a liquid crystal compound or the like 
10 to form a gelling mixture, a production method thereof, a 
liquid crystal composition composed of the gelling agent 
and a liquid crystal compound, and a charge transfer 
complex suitably used as a gelling agent . 
[Prior art] 
15 [0002] 

In recent years, those composed of self-organizing 
low molecules that the molecules gather in a fibrous form 
by intermolecular interaction to form a fibrous molecular 
aggregate have attracted attention as gelling agents. 

20 Such a gelling agent is expected as, for example, a 

material for forming physical gel. As physical gel using 
a gelling agent, has been proposed, for example, a liquid 
crystal composition composed of the gelling agent and a 
liquid crystal compound (see, for example, Japanese 

25 Patent Reference.). 
[0003] 

However, as a gelling agent having gel-forming 
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ability for organic solvents and liquid crystal compounds, 
no gelling agent composed of self-organizing low 
molecules having a molecular structure that a 
tetrathiafulvalene component has been introduced as a 
5 functional component has been known. 

Self-organizing low molecules having a 
tetrathiafulvalene component and forming a fibrous 
aggregate have been reported in Non-patent Reference 1 . 
However, solvents that can be gelled by such a self - 
10 organizing molecule are limited to aqueous solutions. 
[0004] 

[Patent Reference 1] Japanese patent application No. 
2002-4462 

[Non-patent Reference 1] Journal of Organic Chemistry, 
15 Vol. 59, pp. 5877-5882 (1994) 
[Disclosure of the Invention] 
[Problems that the Invention is to solve] 
[0005] 

The present invention has been completed as a 
20 result of repeated research on self-organizing low 

molecules, which form fibrous aggregates and has as its 
first object the provision of a novel gelling agent using 
a functional amino acid compound having a molecular, 
structure that a tetrathiafulvalene component has been 
2 5 introduced. 

A second object of the present invention is to 
provide a method for producing a novel gelling agent. 
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A third object of the present invention is to 
provide a novel liquid crystal composition, in which a 
fibrous aggregate formed by a gelling agent is formed in 
a state controlled by the orientated state of a liquid 
5 crystal compound at a condition that the liquid crystal 
compound has been orientated in one direction. 

A fourth object of the present invention is to 
provide a novel charge transfer complex which comprises a 
functional amino acid compound having a molecular 
10 structure that a tetrathiafulvalene component has been 
introduced, and an electron acceptable compound in 
combination and can be suitably used as a gelling agent. 
[Means of solving the problems] 
[0006] 

15 According to the present invention, there is 

provided a gelling agent composed of a functional amino 
acid compound having a tetrathiaf ulvalenyl group. 
[0007] 

The gelling agent according to the present 
20 invention may preferably be composed of a functional 

amino acid compound having a tetrathiafulvalenyl group 
and represented by the following general formula (1) . 

[0008] 
[Chemical Fomnula 1] 
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General formula (1) : 




2n+1 



[0009] 

(In the formula, X denotes a single bond or a divalent 
5 organic group, Y denotes a monovalent organic group, and 
n is an integer of 8 to 18.) 
[0010] 

According to the present invention, there is 
provided a method for producing a gelling agent, which 
10 comprises reacting a tetrathiafulvalene derivative with 

an amino acid derivative in the presence of l-ethyl-3- (3- 
dimethylaminopropyl) carbodiimide hydrochloride and 4- 
(N,N-dimethylamino) pyridine to obtain a functional amino 
acid compound having a tetrathiaf ulvalenyl group. 

15 [0011] 

According to the present invention , there is 
provided a liquid crystal composition comprising a liquid 
crystal compound and a gelling agent, which is mixed with 
the liquid crystal compound to form a gelling mixture, 

20 wherein the liquid crystal compound is composed of a 

compound exhibiting a nematic phase or smectic phase, and 
the gelling agent is a gelling agent composed of a 
functional amino acid compound having a 
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tetrathiafulvalenyl group. 
[0012] 

In the liquid crystal composition according to the 
present invention, it may be preferable that the liquid 
5 crystal compound be 4-octyl-4 ' -cyanobiphenyl , and the 
gelling agent be composed of a functional amino acid 
compound having a tetrathiaf ulyalenyl group and 
represented by the following formula (1) . 
[0013] 

10 [Chemical Formula 2] 
Formula (1) : 



H O 

H2OCH2— C— N— CH— ii— N— C18H37 

CH3 "^2^6 

[0014] 

In the liquid crystal composition according to the 
15 present invention, it may be preferable that the liquid 
crystal compound be a mixture of 4-heptyloxy-4 
cyanobiphenyl and 4-decyloxy-4 ' -cyanobiphenyl , and the 
gelling agent be composed of a functional amino acid 
compound having a tetrathiaf ulvalenyl group and 
20 represented by the following formula (1) . 
[0015] 
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[Chemical Formula 3] 
Formula (1) : 




H O 



H2OCH2— C— N— CH~C— N— C18H37 
6 /CH |!| 

CH3 ^21^5 



[OOI6] 

5 According to the present invention, there is. 

provided a gelling agent composed of a charge transfer 
complex comprising, in combination, a functional amino 
acid compound having a tetrathiaf ulvalenyl group and an 
electron acceptable compound selected from a group 
10 consisting of iodine, bromine and 
tetracyanoquinodimethane . 
[0017] 

In the gelling agent according to the present 
invention, the functional amino acid compound may 
15 preferably be a compound having a tetrathiaf ulvalenyl 
group and represented by the following general formula 
(1) . 

[Chemical Formula 4] 
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General formula (1) : 




2n+l 



6 Y H 



[0018] 

(In the formula, X denotes a single bond or a divalent 
5 organic group, Y denotes a monovalent organic group, and 
n is an integer of 8 to 18.) 
[0019] 

According to the present invention, there is 
provided a liquid crystal composition comprising a liquid 
10 crystal compound and a gelling agent, which is mixed with 
the liquid crystal compound to form a gelling mixture, 
wherein the liquid crystal compound is composed of a 
compound exhibiting a nematic phase or smectic phase, and 
the gelling agent is the gelling agent described above. 

15 [0020] 

According to the present invention, there is 
provided a charge transfer complex comprising, in 
combination, a functional amino acid compound having a 
tetrathiafulvalenyl group and an electron acceptable 
20 compound selected from a group consisting of iodine, 
bromine and tetracyanoquinodimethane . 
[0021] 

In the charge transfer complex according to the 
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present invention, the functional amino acid compound may 
preferably be a compound having a tetrathiafulvalenyl 
group and represented by the following general formula 

(1) . 

[0022] 
[Chemical Formula 5] 
General formula (1) : 

H O 

N— CH— ii— N— CnH2n+1 

Y H 

[0023] 

(In the formula, X denotes a single bond or a divalent 
organic group, Y denotes a monovalent organic group, and 
n is an integer of 8 to 18.) 
[Effects of the Invention] 

[0024] 

The first gelling agent according to the present 
invention is a gelling agent compos-ed of a functional 
amino acid compound having a molecular structure that a 
tetrathiafulvalene component derived from electronically 
active tetrathiafulvalene has been' introduced into an 
amino acid derivative. 

Since the gelling agent has excellent gel-forming 
ability, and a functional component composed of the 
tetrathiafulvalene component is introduced into it, it 
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can form a fibrous aggregate having an electron- 
conductive function . 
[0025] 

According to the production method of a gelling 
5 agent of the present invention, a novel gelling agent 
with a tetrathiafulvalene component introduced into an 
amino acid derivative can be prepared. 
[0026] 

The second gelling agent according to the present 
10 invention is a gelling agent composed of a charge 

transfer complex comprising, in combination, an electron 
. donor composed of a functional amino acid compound having 
a molecular structure that a tetrathiafulvalene component 
derived from electronically active tetrathiafulvalene has 
15 been introduced into an amino acid derivative, and an 
electron acceptor composed of an electron acceptable 
compound selected from a group consisting of iodine, 
bromine and tetracyanoquinodime thane . 

Since a complex formed by introducing the electron 
20 acceptor into the functional amino acid compound as an 
electron donor is formed, the gelling agent can form a 
fibrous aggregate having excellent heat stability and 
high conductivity. 
[0027] 

25 The liquid crystal composition according to the 

present invention is a novel liquid crystal composition, 
in which a fibrous aggregate formed by gelling agent is 
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formed in a state controlled by the orientated state of a 
liquid crystal compound at a condition that the liquid 
crystal compound has been orientated in one direction, 
[practical Modes of Invention] 
5 [0028] 

The present invention will hereinafter be described 
in detail. 

The gelling agents according to the present 
invention are gelling agents having the following 
10 constitutions (a) and (b) , respectively: 
[0029] 

(a) a gelling agent (hereinafter also referred to 
as ^ first gelling agent") composed of a functional amino 
acid compound having a tetrathiaf ulvalenyl group; and 

15 (b) a gelling agent (hereinafter also referred to 

as ^second gelling agent ''j composed of a charge transfer 
complex comprising, in combination, a functional amino 
acid compound having a tetrathiaf ulvalenyl group and an 
electron acceptable compound selected from a group 

20 consisting of iodine, bromine and 
tetracyanoquinodime thane . 

[0030] 
<First gelling agent> 

A specific preferable example of the first gelling 
25 agent according to the present invention includes that 

composed of a functional amino acid compound (hereinafter 
also referred to as ^specific functional amino acid 
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compound'') having a tetrathiafulvalenyl group and 
represented by the above general formula (1) . 

In the specification of the present invention, the 
tetrathiafulvalenyl group may have any substituent group. 
5 [003l3 

In the general formula (1) , X denotes a single bond 
or a divalent organic group. Examples of the divalent 
organic group forming X include -CH2OCH2- group, -S-CH2- 
group, -CH20(CH2)3- group, -CH2- group, -CH2CH2- group, - 
10 CH=CH- group and ~CH=CHCH2- group. 

Among these, a -CH2OCH2- group is preferred as the 
group- X- 
[0032] 

In the general formula (1) , Y denotes a monovalent 
15 organic group. Examples of the monovalent organic group 
forming Y include sec-butyl group, isopropyl group, 
isobutyl group and benzyl group. 

Among these, a sec-butyl group is preferred as the 
group Y . 

20 [0033] 

n is an integer of 8 to 18, preferably 12 to 18. 

[0034] 

Specific examples of the specific functional amino 
acid compound include a functional amino acid compound 
25 (hereinafter also referred to as "^Specific Functional 
Amino Acid Compound (1)") having a tetrathiafulvalenyl 
group and represented by the above formula (1) and a 
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functional amino acid compound (hereinafter also referred 
to as "Specific Functional Amino Acid Compound (2)") 
having a tetrathiafulvalenyl group and represented by the 
following formula (2) . Among these. Specific Functional 
5 Amino Acid Compound (1) is preferred because it has 
excellent gel-forming ability. 

[0035] 
[Chemical Formula 6] 
Formula (2) : 

H O 
C— i— CH— i!— N— C,8H37 
O /CH ii 

CH3 ^21^5 

10 

[0036] 

Such a first gelling agent can be prepared by using 
a tetrathiafulvalene derivative represented by the 
following general formula (2) and a specific amino acid 

15 derivative (hereinafter also referred to as '^Specific 
Amino Acid Derivative") represented by the following 
general formula (3) as raw materials and reacting these 
raw materials in the presence of l-ethyl-3- (3- 
dimethylaminopropyl) carbodiimide hydrochloride and 4- 

20 (N, N-dime thy lamino) pyridine to obtain a specific 
functional amino acid compound. 
[0037] 
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[Chemical Formula 7] 
General formula (2) : 

-^^X— C— OH 

ij 

[0038] 

5 (In the formula X denotes a single bond or a divalent 
organic group . ) 

[0039] 
[Chemical Formula 8] 
General formula (3) : 

O 

H2N— CH-i!— N— CnH2n+l 

Y H 

10 

[0040] 

(In the formula Y denotes a monovalent organic group, and 
n is an integer of 8 to 18.) 
[004l] 

15 In this reaction, the number of moles of the 

tetrathiafulvalene derivative and the number of moles of 
the Specific Amino Acid Derivative are substantially 
equivalent to each other and preferably in an equimolar 
relation - 

20 [0042] 
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The amount of l-ethyl-3- (S-dimethylaminopropyl) - 
carbodiimide hydrochloride used is preferably 100 to 
1,000 parts by mass per 100 parts by mass of the 
tetrathiaf ulvalene derivative . 
5 The amount of 4- (N ,N-dimethylamino) pyridine used is 

preferably 2 to 10 parts by mass per 100 parts by mass of 
the tetrathiaf ulvalene derivative. 
[0043] 

Examples of a solvent used in this reaction process 
10 include tetrahydrof uran and dichlorome thane . 

These solvents may be used either singly or in any 
combination thereof. 

The amount of the solvent used is preferably 50 to 
200 ml per gram of the tetrathiaf ulvalene derivative. 
15 [0044] 

The reaction temperature is, for example, room 
temperature (25®C) , and the reaction time is, for example, 
1 to 24 hours. 
[0045] 

20 Synthesis processes of Specific Functional Amino 

Acid Compound (1) in the case where the first gelling 
agent composed of Specific Functional Amino Acid Compound 
(1) is prepared is shown in the following reaction scheme 

(1) . Synthesis processes of Specific Functional Amino 
25 Acid Compound (2) in the case where the first gelling 

agent composed of Specific Functional Amino Acid Compound 

(2) is prepared is shown in the following reaction scheme 
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(2) . 

[0046] 
[Chemical Formula 9] 
Reaction scheme (1) : 



(T >=K L + H2N-CH-C-N-C„H37 

"^S S-^^CHjOCHjCOOH ^„ ^ 

CH3 C2H5 

Tetrathiafulvalene Derivative Specific Anino Acid Derivative 



'^NsCsN 

.s s 



g, -S S-'^CHaOCHj— C-N-CH-C-N-C18H37 

' ' O H 

CH3 C2H5 

Specific Functional Amino Acid Ccnpound (1) 



[0047] 
[Chemical Formula 10] 
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Reaction scheme (2) : 




O 



It 



+ 



HjN-CH-C-N-CibH,, 



CH H 



COOH 



CH3 C2H5 



Tetrathiafulvalene Derivative 



Specific Amino Acid Derivative 




H,C CH, 



CH2CI2 




II I I 
O ,CH H 

CH3 C2H5 



Specific Functional Amino Acid Compound (2) 



[0048] 



The first gelling agent composed of the specific 
functional amino acid compound may also be prepared by 
any other process than the production methodes described 
above . 



Such a first gelling agent composed of the specific 
functional amino acid compound is preferred as the first 
gelling agent. However, the first gelling agent is not 
limited thereto, and it is only necessary to consist of a 
functional amino acid compound having the 
tetrathiafulvalenyl group. 

Specifically, the functional amino acid compound 
constituting the first gelling agent may be an amino acid 



[0049] 



compound having groups (hereinafter also referred to as 
^hydrogen bond forming groups") capable of forming an 
intermolecular hydrogen bond by, for example, -NH- group 
and -CO- group, and a molecular structure having the 
5 tetrathiafulvalenyl group. 
[0050] 

Such a functional amino acid compound can be 
synthesized by, for example, a method in which a 
tetrathiafulvalene derivative is reacted with an amino 
10 acid derivative such as an isoleucine derivative, leucine 
derivative or valine derivative in the presence of 1- 
ethyl-3- (3-dimethylaminopropyl) carbodiimide hydrochloride 
and 4- (N ,N-dimethylamino) pyridine. 
[005l] 

15 The first gelling agent described above becomes a 

fibrous aggregate aggregated in a fibrous form in a state 
that a number of molecules have been regularly arranged 
by forming hydrogen bonds between molecules by the 
hydrogen bond forming groups as illustrated in Fig. 1. 

20 The gelling agent can thereby gel the whole mixture 

obtained by mixing it with an organic solvent or liquid 
crystal compound to substantially lose its flowability. 
Therefore, the gelling agent has good gel-forming ability 
for organic solvents and liquid crystal compounds, and 

25 the formed fibrous aggregate has an electron-conductive 
•function derived from electronically active 
tetrathiafulvalene . 
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[0052] 

Examples of the organic solvents include acetone, 
ethanol, ethyl acetate, hexane, benzene, 1-octanol and 
toluene. 

5 Examples of the liquid crystal compounds include 

cyanobiphenyl compounds such as 4-pentyl-4 '-cyanobiphenyl , 
4-octyl-4 ' -cyanobiphenyl , and a mixture of 4-heptyloxy- 
4 ' -cyanobiphenyl and 4-decyloxy-4 ' -cyanobiphenyl , 
phenylbenzoate compounds such as 4 ' -octylphenyl-4- 
10 heptyloxybenzoate , phenylcyclohexane compounds such as 4- 
(trans-4 ' -pentylcyclohexyl) benzonitrile, and 
phenylpyrimidine compounds such as 5 ' -octyl-2 ' - (4- 
octyloxyphenyl) pyrimidine . 
[0053] 

15 <Second gelling agent> 

A specific preferable example of the second gelling 
agent according to the present invention includes that 
composed of a charge transfer complex (hereinafter also 
referred to as "^specific charge transfer complex") formed 

2 0 by combining a specific functional' amino acid compound 
with an electron acceptable compound (hereinafter also 
referred to as ''specific electron acceptable compound") 
selected from a group consisting of iodine, bromine and 
tetracyanoquinodimethane to form a complex. 

25 Since the second gelling agent has gel-forming 

ability derived from the specific functional amino acid 
compound, and the complex is formed by introducing the 
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electron acceptor into the functional amino acid compound 
as an electron donor, it can form a fibrous aggregate 
having excellent heat stability and high conductivity. 
[0054] 

5 A specific preferable example of the specific 

functional amino acid compound forming the specific 
charge transfer complex include Specific Functional Amino 
Acid Compound (1) . 
[0055] 

10 Iodine among iodine, bromine and 

tetracyanoquinodimethane is particularly preferred as the 
specific electron acceptable compound forming the 
specific electron transfer complex. 

[0056] 

15 The specific electron transfer complex constituting 

the second gelling agent can be obtained by adding the 
specific electron acceptable compound to the specific 
functional amino acid compound and mixing them. A 
fibrous aggregate formed by the resulting second gelling 

20 agent has further excellent heat stability as the 

proportion of the specific electron acceptable compound 
added becomes greater. 

When iodine is used as the specific electron 
acceptable compound, the proportion of iodine added is 

25 preferably at least 0.25 equivalents to the specific 

functional amino acid compound. When the proportion of 
iodine added is at least 0.25 equivalents, a fibrous 
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aggregate formed by the resulting second gelling agent 
has further excellent heat stability. 
[0057] 

Such a second gelling agent composed of the 
5 specific charge transfer complex is preferred as the 

second gelling agent. However, the second gelling agent 
is not limited thereto, and it is only necessary to 
consist of a charge transfer complex comprising the 
functional amino acid compound having the hydrogen bond 

10 forming groups and the tetrathiaf ulvalenyl group and the 
specific electron acceptable compound in combination. 
Since the fibrous aggregate is formed by self- 
organization of thi3 charge transfer complex, the gelling 
agent has good gel-forming ability for liquid crystal 

15 compounds, such as cyanobiphenyl compounds such as 4- 

pentyl-4 ' -cyanobiphenyl , phenylcyclohexane compounds such 
as 4- (trans-4 ' -pentylcyclohexyl) benzonitrile , and 
phenylbenzoate compounds such as a mixture of 4'- 
propyloxyphenyl-4-undecyloxybenzoate and 4 

20 butyloxyphenyl-4-undecyloxy-b'enzoate . 
[0058] 

As described above, the charge transfer complex 
constituting the second gelling agent may be suitably 
used as a gelling agent. However, the uses of the charge 
25 transfer complex are not limited thereto. 
[0059] 

Such gelling agents according to the present 
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invention may be suitably used as materials for forming 
physical gel. 

Specifically/ examples of the physical gel formed 
by using the gelling agent according to the present 
5 invention include liquid crystal compositions composed of 
the gelling agent and a liquid crystal compound. 
[0060] 

<Liquid crystal composition according to the present 
invention> 

10 The liquid crystal composition according to the 

present invention is composed of a liquid crystal 
compound (hereinafter also referred to as ^specific 
liquid crystal compound") exhibiting a nematic phase and 
smectic phase and the first or second gelling agent, 
15 which is mixed with the liquid crystal compound to form a 
gelling mixture. 

In this liquid crystal composition according to the 
present invention, its transition temperature 
(hereinafter also referred to as "^liquid-liquid crystal 
20 phase transition temperature") between an isotropic 

liquid phase and a liquid crystal phase is higher than a 
gelling temperature by the gelling agent. 

In the specification, the term "^gelling 
temperature" means a temperature at which a liquid 
25 crystal composition is transformed from liquid to gel 
when the liquid crystal composition is heated until it 
turns to liquid, and the liquid crystal composition in 
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the liquid state is then cooled. 
[OO6I] 

As the specific liquid crystal compound 
constituting the liquid crystal composition according to 
the present invention, may be used a liquid crystal 
compound such as a cyanobiphenyl compound, phenylbenzoate 
compound, phenylcyclohexane compound or phenylpyrimidine 
compound or a mixture thereof - 

As specific preferable examples of the liquid 
crystal compound, may be mentioned cyanobiphenyl 
compounds such as 4-pentyl-4 ' -cyanobiphenyl , a mixture of 
4-heptyloxy-4 '-cyanobiphenyl and 4-decyloxy-4 ' - 
cyanobiphenyl, and 4-octyl-4 ' -cyanobiphenyl , 
phenylbenzoate compounds such as 4 ' -octylphenyl-4- 
heptyloxybenzoate, and a mixture of 4 ' -propyloxyphenyl-4- 
undecyloxybenzoate and 4 ' -butyloxyphenyl-4-undecyloxy- 
benzoate, phenylcyclohexane compounds such as 4-(trans- 
4 ' -pentylcyclohexyl) benzonitrile , and phenylpyrimidine 
compounds such as 5 ' -oc'tyl-2 (4-octyloxyphenyl- 
pyrimidine. 
[0062] 

The proportion of the gelling agent contained in 
the liquid crystal composition according to the present 
invention varies according to the kind thereof. However, 
it is preferably 0.1 to 15 % by mass based on 100 % by 
mass in total of the gelling agent and the specific 
liquid crystal compound. 
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[0063] 

The liquid crystal composition according to the 
present invention forms a fibrous aggregate in a state 
that the gelling agent is controlled by the orientated 
5 state of the specific liquid crystal compound at a 
condition that the liquid crystal compound has been 
orientated in one direction. 

Specifically, the gelling agent forms a fibrous 
aggregate in the cpntrolled state, whereby the fibrous 
10 aggregate is formed in a state orientated in the same 

direction as the orientated direction of molecules 3 of 
the specific liquid crystal compound as illustrated in 
Fig. 2, or formed in a state orientated in a direction 
perpendicular, to the orientated direction of the 
15 molecules 3 of the specific liquid crystal compound as 
illustrated in Fig. 3. 
[0064] 

Whether the gelling agent in the liquid crystal 
composition according to the present invention forms the 

20 fibrous aggregate orientated in the same direction as the 
specific liquid crystal compound or forms the fibrous 
aggregate" orientated in the direction perpendicular to 
the specific liquid crystal compound is determined by, 
for example, its combination with a liquid crystal 

25 compound used. Examples of specific combinations of the 
specific liquid crystal compound and the gelling agent 
include the following composition (1) as a combination 
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having property that the gelling agent is orientated in 
the same direction as the specific liquid crystal 
compound, and the following compositions (2) and (3) as 
combinations having property that the gelling agent is 
orientated in the direction perpendicular to the specific 
liquid crystal compound. However, the present invention 
is not limited to these coiT±>inations . 
[0065] 

(1) A liquid crystal composition comprising 4-octyl-4'- 
cyanobiphenyl as a liquid crystal compound and a gelling 
agent composed of Specific Functional Amino Acid Compound 

(1) . 

(2) A liquid crystal composition comprising a mixture of 
4-heptyloxy-4 ' -cyanobiphenyl and 4-decyloxy-4 ' - 
cyanobiphenyl as a liquid crystal compound and a gelling 
agent composed of Specific Functional Amino Acid Compound 

(1) . 

(3) A liquid crystal composition comprising a mixture of 
4 '-propyloxyphenyl-4-undecyloxybenzoate and 4'- 
butyloxyphenyl-4~undecyloxybenzoate as a liquid crystal 
compound and a gelling agent composed of the specific 
charge transfer complex comprising the specific 
functional amino acid compound and iodine in combination. 

[0066] 

In the liquid crystal composition according to the 
present invention, the liquid-liquid crystal phase 
transition temperature of the liquid crystal compound is 
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higher than the gelling temperature of the gelling agent. 
Therefore, the liquid crystal composition turns optically 
isotropic liquid when it lies at a temperature higher 
than the liquid-liquid crystal phase transition 
5 temperature of the liquid crystal compound, it turns 
optically anisotropic liquid (liquid crystal) when it 
lies at a temperature higher than the gelling temperature 
of the gelling agent, but not higher than the liquid- 
liquid crystal phase transition temperature of the liquid 
10 crystal compound, and it turns optically anisotropic gel 
(liquid crystal gel) by substantially losing its 
flowability when it lies at a temperature not higher than 
the gelling temperature of the gelling agent. 
[0067] 

15 Such a liquid crystal composition as described 

above has a possibility of being suitably usable as, for 
example, a liquid crystal display device or 
anisotropically conductive material utilizing, for 
example, the electron-conductive function of the fibrous 

20 aggregate formed by the gelling agent. 

In particular, the liquid crystal composition 
containing the second gelling agent as the gelling agent 
has a possibility of being applicable to, for example, a 
molecular electron device or molecular switch utilizing 

25 the high conductivity and heat stability of the fibrous 
aggregate formed by the second gelling agent. 
[Example 1] 

25 



[0068] 

(Synthesis Example 1 of tetrathiafulvalene derivative) 
As shown in the following reaction scheme (3) , 

1.0 g of tetrathiafulvalene was reacted with 0.64 g of 
lithium diisopropylamide (LDA) in tetrahydrof uran (THF) 
under temperature conditions of -7 8°C, 1.35 g of N- 
phenyl-N-methylf ormamide was added to this system, and 
thereafter, hydrochloric acid was additionally added to 
conduct a reaction at room temperature (25**C) , thereby 
obtaining an intermediate product (1) at a yield of 70%. 
The intermediate product (1) thus obtained was reacted 
with 0.136 g of sodium tetrahydroborate at room 
temperature (25°C) in methanol, thereby obtaining an 
intermediate product (2) at a yield of at least 99%. 

After the intermediate product (2) thus obtained 
was then reacted with 0.42 g of sodium hydride at room 
temperature {25**C) in tetrahydrof uran, 2 . 0 g of ethyl 
bromoacetate was added to this system to conduct a 
reaction at room temperature (25®C) , thereby obtaining an 
intermediate product (3) at a yield of 41%. The 
intermediate product (3) thus obtained was further 
reacted with 0.85 g of potassium hydroxide at 90**C in a 
solvent composed of ethanol and water, thereby obtaining 
a tetrathiafulvalene derivative (hereinafter also 
referred to as ""Tetrathiaf ulvalene Derivative (1) , in 
which X in the general formula (2) denotes a -CH20CH2~ 
group, at a yield of at least 99%. 



[0069] 
[Chemical Formula 11] 
Reaction scheme (3) : 



THF . S-"^CHO 

Tetrathiafulvalene Intermediate Product( i ) 

NaBH4 



MeOH S S-^CHjOH 

I ntermed i ate Product ( z ) 



NaH BrCHjCOOEt 



THF S-^CHaOCHjCOOEt 

I ntermed i ate Product ( 3 ) 

KOH S 



EtOH/HzO S-^CHjOCHjCOOH 

Tetrathiafulvalene Derivative ( i ) 

5 [0070] 

(Preparation Example 1 of first gelling agent) 

With 0.36 g of Tetrathiafulvalene Derivative (1), 
were mixed 0.70 g of the specific amino acid derivative 
in the reaction scheme (1), 0.472 g of l-ethyl-3- (3- 

10 dime thy 1-aminopropyl) carbodiimide hydrochloride and 

0.015 g of 4- (N,N-dimethylamino) pyridine, and the mixture 
was subjected to a reaction in dichloromethane at room 
temperature (25**C) over 2 hours, thereby obtaining a 
reaction product at a yield of 80%. 

15 From the measured results of nuclear magnetic 

resonance spectrometry, elemental analysis and infrared 
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spectroscopy, the resultant reaction product was 
identified as a specific functional amino acid compound 
(hereinafter also referred to as ""Amino Acid Compound 
(1)") represented by the formula (1). 
5 [007l] 

(Confirmation of gel-forming ability of first gelling 
agent) 

With respect to the first gelling agent composed of 
Amino Acid Compound (1) , the gel-forming ability for 

10 various organic solvents and liquid crystal compounds was 
investigated. As a result, it was confirmed that Amino 
Acid Compound (1) exhibits gel-forming ability for ethyl 
acetate, benzene and hexane that are organic solvents, 
particularly exhibits good gel-forming ability for ethyl 

15 acetate and benzene among these solvents and exhibits 

good gel-forming ability for 4-pentyl-4 '-cyanobiphenyl , 
4-octyl-4 '-cyanobiphenyl and a mixture of 4-heptyloxy-4 ' - 
cyanobiphenyl and 4-decyloxy-4 ' -cyanobiphenyl that are 
liquid crystal compounds. 

20 [0072] 

(Confirmation of properties of liquid crystal composition 
used first gelling agent) 

Amino Acid Compound (1) was first mixed with 4- 
octyr-4 '-cyanobiphenyl that is a liquid crystal compound, 
25 thereby obtaining a gelling mixture (hereinafter also 
referred to as ^Liquid Crystal Composition (1)") 
containing Amino Acid Compound (1) at a concentration of 



1 % by mass. The liquid-liquid crystal phase transition 
temperature of the liquid crystal compound of Liquid 
Crystal Composition (1) was measured and found to be 37**C. 
The gelling temperature of Liquid Crystal Composition (1) 
5 was also measured and found to be 20**C. 

A formed state of a fibrous aggregate in a smectic 
A phase in a state that the liquid crystal compound 
constituting the resultant Liquid Crystal Composition (1) 
had been orientated in one direction was observed through 

10 an optical microscope and an atomic force microscope. As 
a result, it was confirmed that fibers grow in a 
direction parallel to the orientation direction of 
molecules of the liquid crystal cpmpound to form a 
fibrous aggregate . 

15 [0073] 

Amino Acid Compound (1) was then mixed with a 
mixture (hereinafter also referred to as ^^Cyanobiphenyl 
Mixture (1)") of 80 % by mass of 4-heptyloxy-4 ' -cyano- 
biphenyl and 20 % by mass of 4-decyloxy-4 ' -cyanobiphenyl 

20 that are liquid crystal compounds, thereby obtaining a 

gelling mixture (hereinafter also referred to as ''Liquid 
Crystal Composition (2) ") containing Amino Acid Compound 
(1) at a concentration of 3 % by mass. The liquid-liquid 
crystal phase transition temperature of the liquid 

25 crystal compound of Liquid Crystal Composition (2) was 

measured and found to be 77**C. The gelling temperature 
of the liquid crystal composition was measured and found 
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to be 46''C. 

A formed state of a fibrous aggregate in a smectic 
A phase in a state that the liquid crystal compound 
constituting the resultant Liquid Crystal Composition (2) 
5 had been orientated in one direction was observed through 
an optical microscope and a scanning electron microscope. 
As a result, it was confirmed that fibers grow in a 
direction perpendicular to the orientation direction of 
molecules of the liquid crystal to form a fibrous 
10 aggregate. 
[Example 2] 
[0074] 

(Synthesis Example 2 of tetrathiaf ulvalene derivative) 
Tetrathiafulvalene in an amount of 0.50 g was 
15 reacted with 0.16 g of n-butyllithium in tetrahydrof uran 
(THF) under temperature conditions of -7 8**C. This system 
was purged with carbon dioxide, and hydrochloric acid was 
additionally added to conduct a reaction at room 
temperature (2 5^*0 , thereby obtaining a 
20 tetrathiafulvalene derivative (hereinafter also referred 
to as "^Tetrathiafulvalene Derivative (2) ") , in which X in 
the general formula (2) denotes a single bond, at a yield 
of 23%. 
[0075] 

25 (Preparation Example 2 of first gelling agent) 

With 0.14 g of Tetrathiafulvalene Derivative (2), 
were mixed 0.21 g of the specific amino acid derivative 



in the reaction scheme (2), 0.15 g of l-ethyl-3- (3- 
dimethylaminopropyl) carbodiimide hydrochloride and 
0.0070 g of 4- (N,N-dimethylamino) pyridine, and the 
mixture was subjected to a reaction in dichloromethane at 

5 room temperature (25**C) over 23 hours, thereby obtaining 
a reaction product at a yield of 35%. 

From the measured results of nuclear magnetic 
resonance spectrometry, elemental analysis and infrared 
spectroscopy, the resultant reaction product was 
10 identified as a specific functional amino acid compound 
(hereinafter also referred to as ^Amino Acid Compound 
(2)") represented by the formula (2). 
[0076] 

(Confirmation of gel-forming ability of first gelling 
15 agent) 

With respect to the first gelling agent composed of 
Amino Acid Compound (2) , the gel-forming ability for 
various organic solvents and liquid crystal compounds was 
investigated. As a result, it was confirmed that Amino 

20 Acid Compound (2) exhibits gel-forming ability for 
acetone, ethanol and ethyl acetate that are organic 
solvents, and exhibits good gel-forming ability for 4- 
pentyl-4 '-cyanobiphenyl that is a liquid crystal compound. 
[Example 3] 

25 [0077] 

(Synthesis Example 1 of Charge Transfer Complex) 

In 1.5 milliliters of chloroform, 1.0 mg of Amino 
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Acid Compound (1) prepared as the functional amino acid 
compound in Example 1 was mixed with 0.1 mg (0.25 
equivalents in terms of I2) of iodine as the specific 
electron acceptable compound, and chloroform in this 
5 mixture system was then distilled off, thereby obtaining 
blackish purple crystals having metallic luster. 

With respect to the resultant crystals, an 
ultraviolet-visible absorption spectrum was measured. As 
a result, a CT band (charge transfer absorption band) 

10 indicating the formation of a charge transfer complex was 
observed in the vicinity of a wavelength of 7 00 to 
1,000 nm as illustrated in Fig. 4. It was thus confirmed 
that Amino Acid Compound (1) is combined with iodine to 
form a charge transfer complex. 

15 [0078] 

(Confirmation of properties of second gelling agent) 

Amino Acid Compound (1) prepared in Example 1 was 
mixed with 4-pentyl-4 ' -cyanobiphenyl that is. a liquid 
crystal compound, thereby obtaining a mixture system 

20 (hereinafter also referred to as '^SCB/TTF Mixture 
System'') containing Amino Acid Compound (1) at a 
concentration of 3 % by mass. To this 5CB/TTF Mixture 
System, was added 0.05 equivalents of iodine as the 
specific electron acceptable compound, thereby obtaining 

25 a gelling mixture. 

This gelling mixture was observed through an 
optical microscope. As a result, it was confirmed that a 
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purple fibrous aggregate composed of a charge transfer 
complex formed by combining Amino Acid Compound (1) with 
iodine is formed. 
[0079] 

The sol-gel transition temperature of 5CB/TTF 
Mixture System and sol-gel transition temperatures of 
gelling mixtures obtained by variously changing the 
amount of iodine added to 5CB/TTF Mixture System were 
respectively measured by DSC (differential scanning 
calorimetry) . As a result^ it was confirmed that the sol- 
gel transition temperature becomes higher by adding 
iodine to 5CB/TTF Mixture System, and the sol-gel 
tiransition temperature is more raised as the amount of 
iodine added increases. The result is shown in Fig. 5. 

From this result, it was confirmed that the fibrous 
aggregate formed by the second gelling agent composed of 
the specific charge transfer complex becomes that have 
more excellent heat stability as the proportion of the ' 
specific electron acceptable compound added becomes 
greater . 

It was also confirmed that when the amount of 
iodine added exceeds 0.25 equivalents, the crystallinity 
of a fibrous aggregate formed by the second gelling agent 
composed of the resulting specific charge transfer 
complex is improved, and farther excellent heat stability 
is achieved on the fibrous aggregate. 
[0080] 
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(Confirmation of properties of liquid crystal composition 
used second gelling agent) 

Amino Acid Compound (1) was mixed with a mixture 
(hereinafter also referred to as "^Phenylbenzoate Mixture 
(1)") of 50 % by mass of 4 ' -propyloxyphenyl-4- 
undecyloxybenzoate and 50 % by mass of 4 ' -butyloxyphenyl- 
4-undecyloxybenzoate that are liquid crystal compounds, 
thereby obtaining a mixture system containing Amino Acid 
Compound (1) at a concentration of 1 % by mass. To this 
mixture system, was added 0.2 equivalents of iodine as 
the specific election acceptable compound, thereby 
obtaining a gelling mixture (hereinafter also referred to 
as ^^Liquid Crystal Composition (3) ") . 

A formed state of a fibrous aggregate in a smectic 
A phase in a state that the liquid crystal compound 
constituting the resultant Liquid Crystal Composition (3) 
had been orientated in one direction was observed through 
an optical microscope and a scanning electron microscope.- 
As a result, it was confirmed that fibers grow in a 
direction perpendicular to the orientation direction of 
molecules of the liquid crystal to form a fibrous 
aggregate . 

[Industrial Applicability] 
[008l] 

The gelling agents according to the present 
invention may be suitably used as materials forming 
physical gel. 
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The liquid crystal compositions according to the 
present invention have a possibility of being suitably 
usable as, for example, liquid crystal display devices or 
anisotropically conductive materials utilizing, for 
5 example, the electron-conductive function of the fibrous 
aggregates formed by the gelling agents. In particular, 
the liquid crystal composition containing the second 
gelling agent as the gelling agent has a possibility of 
being applicable to a molecular electron device, 
10 molecular switch or the like. 

[Brief Description of the Drawing] 

[0082] 
[Figure 1] 

It is a figure typically illustrates a state that a 
15 number of molecules have been regularly arranged by 
forming hydrogen bonds between molecules of Specific 
Functional Amino Acid Compound (1) constituting a gelling 
agent. 
[Figure 2] 

20 It is a figure for explanation, which illustrates, a 

state that a gelling agent has formed a fibrous aggregate 
orientated in the same direction as a specific liquid 
crystal compound in a state that the specific liquid 
crystal compound has been orientated in one direction. 

25 [Figure 3] 

It is a figure for explanation, which illustrates a 
state that a gelling agent has formed a fibrous aggregate 
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orientated in a direction perpendicular to a specific 
liquid crystal compound in a state that the specific 
liquid crystal compound has been orientated in one 
direction. 
5 [Figure 4] 

It is a figure for explanation, which illustrates 
an ultraviolet-visible absorption spectrum in Example 3. 
[Figure 5] 

It is a figure for explanation, which 
10 diagrammatically illustrates a relationship between a 

proportion of iodine added in 5CB/TTF mixture system and 

the sol-gel transition temperature of the resulting 

gelling mixture. 

[Brief Description of Marks] 
15 [0083] 

1 Fibrous aggregate 

3 Specific liquid crystal compound molecule 
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